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Abstract

‘1’he hydrogen- and self-broadened line widths of 116 “NH3 ground state transitions

with J,K = 1,0 to 10,10 have been measured at 0.006 CJN’l resolution using a Brukcr

spccl romctcr bctwccn 40 to 210 cm-’. ‘1’hcsc experimental

to 2,4% and 11% rcspcctivc]y using an hcuristica]ly derived

widths have been reproduced

expression of the form

Y ‘= % + al J“ + % K“ -I aj J“2 + a4 J“ K“

where J“ and K“ arc the lower state symmetric top quantum numbers. 3’his function has

also been applied to the measured widths of the 58 transitions of v,, each broadened by

N 2, t)z, Ar, 112, and 1 Jc (J’iIIc Ct a]., J. ~uau(. Spccflo.$c.  Radial. 7’rmfcr 50,337-348 (1993@md ~–

N] ]3 (Markov  ct a l . , J. QuaM.  Speclrosc. Radia[. 7’rotlsfer  SO, 167-178  (ICBS)]. ‘l’he rms of the.

observed minus calculated widths arc ~ 5% or better for the five foreign broadcncrs, P’or

the scli’-broa(lcning  case, the expression fi~ils to rcproducc  the K = O data. ‘1’hc values of

‘the fitted constants suggest that for some broadcners the expression might also bc written

as

y == aO + b, J“ +- b2 (J’’-K”) + 1~3 J’I(JII-K’1)
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introduction

Accurate knowledge of the foreign gas broadening of ammonia is required for

planetary remote sensing (1). lior example, Nz and Oz arc the relevant spccics for the

terrestrial troposphere while 1 IZ- and } Ic- broadening dominate the atmospheres of the outer

p]ancts. Unfortunately, such information is rather limited, Most rcscarchcrs have

reported cxpcrimcntal  broadening coefficients for a relatively small number of transitions

(SCC (2-4) for a review), and many width measurements }~ave accaracics of only 10 to 30%

(S,6). “1’here arc two notab]c exceptions at high resolution whic}l have” provided

mcasurcmcnts to f 4%. Margolis and Poyntcr (7) have measured hydrogen broadening for

203 transitions at 200 K in the Vz band at 11 ~n~ region. Most recently, Pine ct al, (8)

and Markov ct al. (9) have obtained cxpcrimcntal widths for 58 sclcctcd lines of VI near

3 Pm; each transition was broadened by 1 Iz, Nz, Clz, I Ic, Ar and Nl 13 (self-broaticning). In

these high resolution studies, the widths varied significantly as a function of the rotational

quantum numbers J and K in the range of J equal O to 12.

Unfortunately, the rcsu]ts of these studies arc not easily app]icd o atmospheric

monitoring because the thcorctica] modc]s sLlch as the AllC]crsoll-rl’sao-~l rllLlttc thCOry

(10,1 1) arc unable to reproduce sL]ch accurate data, ];or example, in the theoretical

modeling of self-broadening shown by Markov ct al. (9), the diffcrcnccs bctwccn observed

and calcu]atcd widths ranged from 5 to 25% (Yo(o-c)/c)). Without a good theory, widths

of the many unmeasured transitions can not bc accuratc]y calcu]atcd.

‘]’hC present study was made to support planetary applications. Its goal was to obtain
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a c.omplctc and accurate. set of empirical 1 IZ-broadened wjdths at room temperature for the

parallc] band transitions in the rotational 1-? brwlch bctwccn 35 and 220 cm-]. in tbc

present data, the wjdths were found to vary as a fllIICtiOIl  of J and K in a manner seen in

the prevjous high resolution studies. l)uring the analysis of these data, it was noticed that

a simple five-term expression involving J“ and K“ reprmluccd the observed foreign

broadening measurements fronl this and earlier

lbqmimcntal

Stlldics,

IIctails

Spectra were recmdcd in the 3S to 240 cm-l region with the 1 ]R 120 ~]rukcr I;ourjer

transform Spcctromctcr (ITS)  at the Jet Propulsion 1 zdmratory. I;or these, a hcliun~-

coolcd bolomctcr detcctcd the infrared signal from a I Ig -Arc source passing through a

mylar bcamsplittcr. l%ch spectrum was intc~yatcd from 12 to 15 hours, but it was

rccordcd in subsets of 3 to 4 }]ours dl]ration so that the ammonia abundance coLJld be.

monitored. “1’hc final spectra wjth an umtpodizc.d rcso]ution  of 0.0056 CJn-l had signd-to-

noise ratios 800:1 or better. In most cases, an empty ccl] scan was recorded for ratioing,

although the l:l’S chamber was cvacuatcd with a cryopump to remove residual 1 I@, Figure

1 shows a typical example of a resulting transmission spectrum. in this region, the spcctrunl

is dominated by R branch manifolds occurring every 19 cm- 1. ]iach manifold contains two

sets of inversion transitions (a-s and s-a at each J and K) separated by 1 CJn-J; the Rs lines

arc 119 cm-] arc shown in l~ig. 2.

onc of two glass absorption cells with wedged, }ligh-density polycthy]cnc wjndows was
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used inside the sample compart  mcnt of the I ‘“1’S. Sample pressures were monitoreci  using

Ilaratron capacitance pressure gauges accurate. to 20.596 or better. “1’he sample

tcmpcrafure  was taken to be the same as the l<”J’S tcn~pcratL]re. T’he ammonia sample was

isotonically enriched (99.95%) 14Nl 13, and

gas conditions are summarized in ‘J’aMe I,

the hydrogen sample was ultra-pure grade. ‘J’hc

and a portion of four spectra is shown in Fig. 2.

]nitially one spectrum of 1 ICl and two of pure NJ 13 were recorded with a 1.06 f 0.05 cm

length cell to validate the F“J’S pcrformncc and the data reduction software. “J’hcsc

spectra were then used to calibrate the line positions, to check the quality of the 1 IITRAN

(12) prediction and to obtain ammonia sc]f-broadened widths. ‘J’he catalog was found to be

reliable for positions within t 0.0002 cm-l and a few percent for intensities of t}le 0000-0000

transitions. ‘J’hc partial pressures of NI 13 Iistcd in ‘1’able I were obtained by matching the

observed Rs manifolds to the corresponding synthetic spectra computed with the 1992

111”1’RAN linelist. IIuring comparisons done bctwccn 80 and 200 cm-], it was noticed that

the 0100-0100 (i.e., Vz-vz) intensities are calculated too high by nearly a Factor of two.

l>ata reduction was done using a non-linear least squares curve-fitting of the spectral

data.(13) Iior this, a synthetic spcct rum was computed using line positions and intensities

from the 19921 JI’J’J<AN database and a constant defiault 1,orcntz width in the Voigt profile.

‘J’hc 1 ICI lines were used to check that the line shapes were symmetric and to determine the

instrument function, as was done by l’ickctt ct al. (14). “1’hc spectra] and the continua

paranlctcrs were then iterated to rcducc the diffcrcnccs hctwecn the observed and synthetic

spectra. OJrrcct modelling of under-resolved J ICl lines required the application of the

finite aperture corrcclion; with it, the ratios of the measured 113s~l/1137Cl intensities were
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generally 3.12 (f3%). Although insignificant, this same correction was applied for the

retrieval of ammonia positions, intensities and wi(iths. “J’he. parameters from the two pure

samp]c scaJM are compared in TaMc II; the upper paJIcl shows that the intensities and

widths of unb]ende(i features obtained from two different optical densities agree within 1%.

In the lower panel, the corresponding values for these inversion pairs arc shown, indicating

that experimental precision is 1$% for isolated lines and 5% or better for blended lines

(generally the K = O and 1) in this rc~ion.

Following these checks, six spectra of lly(lrogcr~-l~ro:idcl]cd ammonia were recorded

using a 26.3 cm glass ccl] with total pressures of 50 to 388 torr; a sample from f&lr optical

densities is shown in Fig. 2. 1 mwcr 1 IZ pressures were selected to avoid giving rise to line

mixing (1 S) so that good line widths could be obtained with Voigt profiles. Mixtures of the

N] 13 and 112 were made in a glass manifold and then feed into the absorption cell without

purification. “1’0 allow equilibrium to occur, the sample was placed in the cell for one to

four hours before any scans were taken. IIuring the scanning, the aJllJnonia  abu ndancc

rcJllaincd  fidir]y constant, but the partial pressure of water within the absorption Cc]] was

found to increase, “]’o compensate for the residual absorption

Fig. 2, additional parameters were added in the curve-fitting

at 120.08 cm-l in Fig. 3), ‘l’he self-broadcnc.(i NI 13 widths

indicated by solid circles in

retrievals (e. g. the feature

were held fixed to values

obtained from the two pure gas spectra, “1’o initialize the, retrievals, a constant IIz-width

of 0.08 was always assumed. in all cases, the :i(ljustmcnt of line parameters was done in

steps. IJirst, the widths and positions of up to 16 transitions were alternately iterated with

the intensities held fixed until near convergence was achieved (usually in 3 or 4 iterations).
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“1’hcn on the final iteration, all three quantities were adjusted. An cxamp]c of the resulting

spectral fit is shown in Fig. 3 where the observed and calculated spectra arc overlaid with

the residuals p]oltc(i above.

Result s

“J’hc measured broadening coefficients for 116 ground state rotational R branch

transitions in the far-infrared are presented in ‘1’able 111, ‘l-he first column gives t}le

rotational assignment: inversion state (a or s), AJ, J“, K“. ‘1’he second throu’gh  fourth

co] LIJnns ]ist the observed positions, the relative intensities and their corresponding,

experimental error (%err) followed by the ratio of the calculated to the observed intensity.

‘1’he  CO]UIm)  labc]lcd unum” gives the number of s])cctra from Tah]e 1 used for the average.

‘1’hc remaining columns show the observed widths, their cxpcrimcntal errors in percent and

the observed - calculated cliffcrenccs in pcrccnt for the 1 IZ- and self-l) roa(lerliilg,,

rcspcctive]y.  ‘l’he observed widths are in cn~-]/atnl and the % cxpcrimcntal  error is the rms

of the individual mcasurcmcnts, As seen in “J’ab]c 1, the tcmpcraturcs  of the gas sarnplcs

vary from 293.6 K to 298, K. “1’hc tcmpcraturcs of the 1 IZ- and self-broadened widths are

:issume(i to bc 296 K and 294 K, rcspcctivc]y,  with an unccrt:iinty of f 3. K. Since the

true temperature dependence

not normalized to a common

uncertainty of 1 O/O.

of the widths is not known, the

tcmpcraturc before averaging;

individual measurcnlents are

this introduces an additional

‘J’he accuracies of the mcasurcmcnts vary. ‘J’he best mcasurcmcnts meet four
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criteria: 1 ) the experimental error (rms) is ICSS tlm 3°/0 2) at least 4 of tile 6 spectra arc

used 3) the ratio of the calculated to rctricvcd intensity is close to 1.00 (f 3%) and 4)

the ratios of the widths and intensities of the inversion pairs arc CIOSC to 1.00, as in Table

11, IIlcnding is gcncral]y the reason for the poorer quality mcasurcmcnts.  In a few cases,

mcasurcrnents arc taken from only two spectra because the line overlap is so severe that

only the lowest pressure rum can bc used. Measurements of RI and Rz from the 35 to

60 cm-l region arc particularly suspect because the transitions falls on the far wings of the

band pass where the signal to noise is 40:1. Future investigations may eventually reveal

that the experimental uncertainties of the RI and Rz widths arc much

statistics suggest. They are included to provide a set of R branch widths

larger - than our

involving nearly

all the quantum numbers from J = 1 to 10. ‘1’he quantum number variation from K“ = J“ to

K“ = O is between 40 and 60%, as in Refs. 6-8. “]’he maximum width occurs at J“ = K“ and

the minimum at K“ = O. At high J“, the widths of K“ = O and K“ = 1 are nearly equal

within experimental error.

One rcmarkab]c result of the l’inc et al. study (7) is their l:ig, 3 showing that the

widths of five foreign broadencrs (Nz, Oz, Ar, 1 IZ, and 1 Ic) nearly lie along straight lines

when plotted as a function of J“ +- 0.2 (J’’-K”). A similtir presentation is given in l~ig.  4 to

emphasize the variation of the far-infrared ] ]Z-widths with rotationa] quantum numbers.

in this plot, widths of the same J (with K = O to J = K) lie along individual lines with

different slopes. The Pact that all but two (J= 1,2) of these lines have ncar]y the same

intc.rccpt suggests that a fun(

al J“ -t az K“ fi~ils to fit the

tion (

ransi

xists to model the data. ‘1’he express ion y = aO +-

ions involving K“ near O and K“ near J“; to compensate
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for a parabolic pattern in the residuals, wc introduce two extra terms, J“2 and J“K” to

obtain lk]. 1.

y == aO + al J“ + a2 K“ +- a3 J“2 + ad J“K” (1)

lJsing Ilq. 1, the 112- and self- broadened widths of the far-infrared ground state transitions

arc fitted to rms values of 2.4,% and 11.()%, respectively. Table 111 lists the individual

residuals in percent, and Figure 5 p]ots the %(obscrvc- ca]cu]atcd)/calculated widths as a

function of J“. Equation (1) is also applied to all the room temperature data at ~Pm (7,8).

Tab]c IV gives observed widths in cn~-]/MPa ( = 9.869 cn~-l/atnl) at 296 K and the percent

observed minus calculated differences ‘%(o-c)/c for the 58 transitions with six broadeners:

N2, Oz, Ar, 112, IIe and N113. ‘1’hc rms values rallgc from 3.2% for Nz to 8.0% for NJ 13

(self). I’or both studies, liquation (1) Pdils to rcproducc the self-broadening widths at low

K and low J, in the present study, these transitions arc blended and thus more difficult

to measure. in the Pine et al. study, there is limited data. 1 lowcvcr,  the midLlals

differences between the ohscrvcd and calculated self-broadened widths arc too great to be

the result of cxpcrimcntal error. ‘1’hc 203 1’,0 aJld R branch 132-hroadcned widths of

Margo]is and Poynter (6) arc fitted to 1 k]. 1 with less success. ‘1’hc significant differences

hctwcen the 1’, Q and R widths can not be removed by the adjusting the five constants.

‘1’hcrcforc, each branc]l is fitted separately; the corrcspon(iing }Jaramctcrs for the widths at

200 K arc listed at the bottom of ‘1’alit V.

“1’hc fitted constants for R]. 1 and their corresponding uncertainties arc listed in



Table V along with the %rms and number of data points incluctcd. Most of the parameters

arc statistically well-(lcterlllillc(l. ‘1’he fittc(i constants thcnmlvcs  have interesting

rcglllaritics.  Ilxccpt for a3 of Ar, all the signs of the corresponding terms arc the same

with al and ad being negative. in addition, a3 is nearly equal but opposite of ad. ‘1’hcse

observations suggest that the relation might be also expressed as

y = aO + bl J“ - az (J’’-K”) -t a3 J“(J’’-K”) (2)

where bl =al+az

l)iscussion

No attempt is made to connect the fitted constants to theoretical models, but it is

remarkable that this simple expression fits the available data of so many broadencrs. ‘1’he

succcss  should be attributed to the Pitt that the data is limited by the range in AJ and J,K.

‘1’hc present work involves only R branch transitions, and the Pine et al. study reports

mostly Q branch lines. ‘1’hc rotational quantum numbers span only up to J,K = 10,1 O; the

behavior of the widths at higher J can be quite differmt, as seen in recent studies of a

heavier species like 013Cl (16), in addition, with the l’inc et al. results, the parallel band

transition probabilities make it difficult to measure the low-K Q-branch transitions so that

at higher J less than half of the possible K values arc available for VI.
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In some spccics, the bmadcning  coefficients vary not as a function of lower state J“,

but of lml where m = -J’’) J’’and J”+l  forl’,  Qand Rbranch lincsrcspcctivc]y. “1’ha.t

is, the widths of I’H, Qa and R3 arc prcdictcd (16; for cl 13C;I) or obscrvecl (17; for NO) to

be the same. 1 IOWeVCI-,  this dc}}cndcncc on I m I is not true for ammonia. I:or example,

in tile 3 Nnl data (8,9) , there arc a fcw R branch lines that can be compared directly to

Q branch widths of the same m and K. Table VI lists the measurements for three cases.

‘1’hc ]cft co]umns show the assignment with the va]ue of m inc]udcd. ~’he colLJnlns that

follow give the measure.d widths in cnl-l/MPa. I’hc values for inversion pairs (a and s) are

shown w}~enever possible to provide an assessment of mcasurcmcnt precision. IIelow each

m set are written the differences bctwccn the R and Q branch wicM~s (%( R-Q)/Q).  While

a fcw entries agree within the experimental LJJlccrtainty  of 1 to 3%,

generally much larger, par[icular]y  for self-broadening. in the Vz

dcpcndcnce  of the widths on I m [ is also scc.n by Margolis and

the differences are

band, this lack of

l’ointer (7) for I Iz-

broadcning at 200 K. Unforlunatcly, the Vz results arc the only ammonia datasct that

provides numerous and accurate ]’, Q, and ]{ branch widths through a large rallge of J and

K, If more mcasurcmcnts were available for all branches with different broadcners, then

a more general empirical expression might bc derived.

Since the prcse~]t, the Pine ct a], (8), and the Margolis and ]’oyntcr (6) stuclies a]]

report mcasurcmcnts of 1 IZ- broadening in three different parallel bands (rotational, VI and

V2)$ the vibrational dcpcndcncc  of the widths can bc examined. “1’hc averaged ratio of

l’inc ct al. to the pr(

is 1.04 (2), in(iica

sent 112- widths for the 10 R branch transitions of VI through J“ = 3

ing small vi bra ionti] dcpcndcncc. l)ircct comparison with 112-

12
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broadened widths of Vz is more complicated since t}~c nlCas~lrCn~cnts arC reporled at 200 K,

and it is difficult to separate the vibrational from the tcmpcraturc  dcpcndcncc.  Table VII

shows Ihc present and Vz widths and their ratios for the I<d and I<L manifolds. ‘1’he ratios

in column 4 arc not constant (like the vi/present ratios) but decrease with clccrcasing K“.

‘]’his could mean that the rotational variation of the widths is different for different

vibrations, as discussed by Pine et al., but there is another possibility. ‘1’his variation might

also arise from a rotational dependency of the temperature coefficient “n” in

Ytcmp  1 = y,,”,,,,  (tcnlp 2/tclllp I)n (j)

‘1’hc “n” coefficient is difficult to measure bccausc small errors in the widths and the

temperatures greatly affect the exponent obtained; for example a combined variation of

5% in the above ratios causes a 15% uncertainty for n. l’ine et al. used the ratio of

corcsponding Q branch transitions of v ~ and Vz to obtain an averaged n of 0.69. ‘1’hc ratio

of common R branch lines of the present and Vz lines give n = 0.73 (if a handful of points

arc cxcludcd).  As secll in Table VI 1, the computed n values decreases with decreasing K“.

] ]owevcr, this variation is not seen iJ~ five seel~liI]gly-accLlrate measurements of V2 1’ branch

widths (4). Other IIZ-N}13 data dots not resolve whether this variation is from J,K

dclwndcncc  of n or not because they invo]vc limited measurements of perpendicular

transitions (I]roquicr et al, (18)) or because the, experimental accuracies arc too poor

(Ikildacchini  ct al. (S,6). More investigation is needed to address this question.

In the 1992 111’1’RAN molecular (Iatabase (12), the ammonia air- broadening



1

coefficients are set to a constant value, regardless of quantum number. In the interim,

until a succcssfu] application of theoretical models can bc made, lk]uation (1) and the

self-, N2- and 02- fitted constants in Table V obtained from fitting the 3 Wm (8,9) data have

been used to predict values for the self- and air-broadening for the revised ammonia line

parameters. Several caveats apply. First, the fitted data contain mostly Q branch widths;

Given the AJ variation, the computed widths will likely be too low in the R branch and too

high in the P branch, Since low K values at hig)lcr J are not observed by l’ine ct al., the

Compu ation should de.viatc much more for these cases,

conclusion

Prediction of broadening coefficients to oJlly t 15% is not adequate for accurate

tropospheric remote smsing (1). We hope that as a result of this paper, an earnest cffc)rt

will bc undertaken to model the col]cctive ammonia broadening data and perhaps define

better expressions to calculate line widths. Ammonia is

because the inversion gives rise to pairs of transitions that

a good candidate for such studies

can provide an experimental basis

for judging mcasurcmcnt precision.

mcasurcmcnts and the potential for

have been demonstrated. 1 lowcvcr,

];or the present, the good accuracies of these existing

calculating widths to within cxpcrimcntal  acct]racics

the AJ dcpcndcnce  of the widths is more complicated

than current application of theory or these simple expressions indicate. h achieve bctlcr

understanding, there shoLI]d bc more width mcasurcmcnts  with different broadcncrs, and

the.sc should bc accurate (f: 3Yo) and comp]ctc 1), C.) and R branches for all J and K).

14



l~or 1 IZ- broadening of N] 13, the vibrational dcpcndcncc  of widths for three parallel

hands is small at low J. No judgcmcnt is being made about the behavior of perpendicular

and hot bands widths. ‘1’here is an indication that the temperature dcpcndencc  of the widths

might vary with J and K, and this possibility shoulct bc investigated in future studies.

Accurate and complctc 1 lz-broadened widths at mom temperature arc now available for the

far-infrared R-branch. It is observed that the predicted intemitics of the Vz-vz difference

band arc too high on the molecular database by a nearly a fi~ctor of two.
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IUGUI{IM CAPTIONS

1. ‘1’he spectrum of pure 14NI 13 lmtwccn 70 and 230 cm-l at 0.0056 cm-] resolution, ‘1’he

sample pressure is 4 torr at 294 K, and the optical path is 1.06 cm, “J’he interval contains

parallc] band rotational transitions (0000-0000) from 1<3 to 1<1O. ‘1’hc weaker features belong

to the (0100-0100) hot band of ammonia and residual water.

“N113 in the region of the 1<5 manifolds. ]n the upper2.  l:our spectra of 1 ]Z-broa(iencd  .

trace, lower state K“ is lahcllcd above each transition, and residual water lines arc indicated

hy solid circles.

3, “1’hc curve-fitting of the 50 torr } IZ-broadened 14N} 13 scan, ‘1’he observed and synthetic

spectra are overlaid in the bottom panel with Ihc rcsidua] differences in pcrccnt plotted

above.

4. U’hc obscrvc~l 1 Iz-l)roadcncd widths of 14N113 in cnl-]/atn~ at 296 K from the present

study vs J“ + 0.2 (J’’-K”). “1’hc widths of the same J“ lic along separate lines having nearly

the same Y -intercept. ‘1’his pattern suggests the existence of an empirical expression 10

reproduce these mcasurcmcnts.

5. ‘1’hc computed residuals in pcrccnt (olxcrvcd-calculated) /calculated for the present 1 lz-

bmadcncd widths of 14NI 13. ‘1’hc rms for 116 transitions is 2.4%.
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Iv, IFittcd R and Q Branch widths of VJ

v. Fitted constaJlts for Equation (1) in LJJlitS of CJ1l-l/atJll

VI, R and Q IIranch Widths of VI with the StiJnc I m I

VII. Vibrational or ‘~empcrature I)cpcndcncc?



SYhlllO1.S

v nu

P mu

A, 6 delta

[ [ ahsolutc value

20



——— . .._

r~”
——- ——. . .. —.— _ ._._—_ ~=__ >===___ ___ — ———

--+-

NOISSIWSNVH1

0
m
N

0
N

0
m
v

0

._— —. . . .—



m

m

+-

I

“’’-l-’---{’’’’’’’” “’’’”EEp cc
:

~
0
0
CN %

L;.m

Y!?

-L
>

A

<
<

I I 1 1 1 [I 1 1 1

~ NOISSIINSNW1

x)

r--



. .--

.1

a,-.-

*.

~-—.

{:

—

o
N



0. “

0.0

0.0

0.0

0.0’

0.0

0.0

7

m
m

. . . . . . . . . . . . . . . .:___ -1! -. . . . . . . --------  . . . . . . . . . --------  --------  ---------  . . . . . . . . --------  --------  -------
m w mm

%Rr =------ =----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
-------- . . . . . . . . . . . . . . . .

-------- ----
E ff-#%?i--------  . ------- . . . . . . . . --------‘------lw--”---&---”5 ~M%--5~---;&---%i?ii--;&--

m ‘$. . . . . . . . . . . . . . ------------  . --- . : ----------  -------- --- = . . . ..%...% . . . .. E*.- . . . ..& . . ..-Q--..- . . . .
m-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..5.....+ “% %!?
$=-----”K---qg$j
R

, r
2 4 8 10 126

J+ 0.2 (J-K)



3

““~—’—l—l—  ‘ I i I I I i I

+“ +t+t++tt-+ -+-t+- +-- E-J + +

-t - H -  +-H++++.+*  +.

-t- + + +-tt+-t+t+  -k+-  -t + -t

-1 -t

-t-

+ + +-t-t +-t-t-t+  -t +

-f- -H++++- - t -  -t+

+--H-++- +t-t-t+- +

.

-t-t-t++ -t +- -t

-1-+ + ++ - t

+ + .-t’+-

+ -+ -i

I



. *

1.

11.

III.

IV.

v .

VI,

VII.

TAU1,ICS

Experimental Conditions of the Ammonia Spectra

Retrieved Parameters for R~ from Two Pure N113 Spectra

‘1’hc Far-Infrared H2- and Self-broadened Widths of 14NI 13

Fitted R and Q Branch widths of v,

Uitted Constants for Equationl inunitsofcm-]/atm

Rand QBranch  Widths ofvlwith the Same Irnl

Vibrational or Temperature Dcpcndcncc?

19



SYM1{OI.S

v nu

P mu

A,a d e l t a

I I absolute value

20



● “

‘1’al)lc ] ~ixperinlenta] ~onclitions for t}~e Anlr~~onia Spectra

.— __
T o m

— .  _ _ _  —
N} 13 TORI{ 1 ]2

=
PATH M TEMP K

3.995
-—.

0.0106 294.3 –

20.00 .
0,0106 293.6-’— —

0.320
— - —

49,9
—

0.263 297.0
0.160

—.
85.2 0.263

—
—— 297.1

1.01
—.

94.5
—

0.263 298.0
0,370 147,5

—
0.263 293.6

1.04 203.0 0,263 298.0 –

0.350
—

388.0 0,263
—

294.1”—.Z ~



●

‘1’ab]e.  11 Rctricvcxl l’arametc

.—— —.——

trans.

J“ K“

5 5

5 4

53

- .——
5 2

51

.  ____. .——

cnl-l I 104

118.2417. 1

+-

118.1760 1

118.0917 0

118.0309 1

117.9940

L -

2

.—

-s for 1<s fron

——

lrltcnsity

cnl-2/at  m
—

2.94

4.49

—.
10.5

5.74

——-.
5.91

——,——

--

%dif

0.7

0.0

0.4

1.0

0.2

——

J] 13 spectra

Width ~ Yodif

cnl-l/atm
1

0,646 I 0.7

T
Differences Between Measured Inversion Pairs

— .—.— .——

R S manifo]ds K“ = 2 K“=l— .— , 1
A intcn_sities 170— .— I !’% k - - - - b%  !4%
A self-widths I 1 YO 1 Yo -=1 5%0 2% 2$X0

===. —



TABLE 111 T h e  F a r - I n f r a r e d  H2- and Seif  -  B r o a d e n e d  W i d t h s  o f  “NH3

. . . . . . . . . . . --------------  --------  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------------------------  -.
Assigwnent -1cm Int tirr lc/Iob nun H2- %err % 0 - c self-  %err %o-c
sAJ J1l K1( w id th width

---------- . . . . . . . . . . . . . . . . . . . . . ------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

aRIO
nR 1 1
{;R 1 I
sR?O
s;R 2 1
sR?2
OR ? 2
EIR30
aR31
sR31
S R3 2
eR32
a R 3 3
s R 3 3
s R 4 0
aR41
sR41
S R4 2
al142
aR43
s R 4 3
SR44
aR44
aR50
al?  5 1
sR 5 1
SIl 5 2
8!!  5 2
a R 5 3
s R 5 3
s R 5 4
aR54
a R 5 5
s R 5 5
SR 6 0-
aR61
S R 6 1
s R 6 2
a R 6 2
a R 6 3
S R6 3
S R6 4
a R 6 4
a R 6 5
S R6 5
S R 6 6
a R 6 6
a R 7 0
a R 7 1
s R 7 1
S R7 2
aRi’2
a R 7 3
s R 7 3
s R 7 4
a R 7 4
a R 7 5
s R 7 5
S R7 6
aR76
a R 7 7
s R 7 7

- - - - - -  - - - - - -

4 0 . 5 2 2 9
3 8 . 9 7 6 3
40.5371
5 8 . 8 2 5 5
6 0 . 3 3 9 6
58.8333
60.3874
8 0 . 0 5 6 2
7 8 . 6 2 7 7
8 0 . 0 7 4 5
78.6443
80.1305
7 8 . 6 7 2 8
80.2261
9 8 . 3 4 7 2
98.3584
99. ?234
98.3833
9 9 . 7 8 6 8
98.6281
99.8951
98.4892

100.0492
119.2451
117.9935
119.2696
118.0302
119.3394
118.0913
119.4598
118.1753
119.6311
118.2814
119.8573
137.5042
137.5202
138.6956
137.5657
138.7725
137.6433
138.9035
137.7498
139.0908
137.8854
139.3370
138.0481
139.6476
157.9591
156.9172
157.98b4
156.9722
158.0708
157.0640
158.2134
157.1934
158.4138
157.3575
158.6786
157.5563
159.0114
157.7865
159.4189

. . . . . . . . . . . .

1.980
0 . 7 3 0
0 . 7 8 0
3 . 3 4 0
2 . 4 8 0
2 . 2 1 0
1.660
9 . 3 6 0
3 . 9 4 0
4 . 3 7 0
3 . 6 4 0
3 . 6 8 0
4 . 6 2 0
4 . 5 8 0

11.700
5 . 4 5 0
5 . 5 5 0
5 . 4 0 0
5 . 1 8 0
8 . 4 1 0
8 . 4 9 0
2 . 7 7 0
2 . 8 2 0

11.600
5 . 9 9 0
5 . 7 5 0
5 . 5 0 0
5 . 7 0 0
9 . 8 9 0

10.200
4 . 2 4 0
4 . 3 4 0
2 . 7 6 0
2 . 8 0 0
9 . 6 8 0
4 . 9 9 0
4 . 9 7 0
5 . 1 0 0
4 . 9 9 0
9 . 2 8 0
9 . 4 0 0
4 . 3 7 0
4 . 4 4 0
3 . 7 3 0
3 . 7 9 0
4 . 9 0 0
5 . 0 1 0
6 . 9 7 0
3 . 6 5 0
3 . 6 7 0
3 . 6 4 0
3 . 6 7 0
7.130
7 . 2 3 0
3 . 5 8 0
3 . 6 3 0
3 . 4 0 0
3 . 4 7 0
6 . 0 0 0
6 . 0 2 0
1.990
2 . 0 5 0

. . . . . . . . .

5.1
6 . 2
6 . 6
7 . 3
6 . 5
5 . 3
3 . 4
7 . 0
9 . 5
7 . 5
9 . 9
5 . 5
3.1
5 . 7
0 . 6
2 . 6
4 . 5
5.1
4 . 5
4 . 2
4 . 4
5.5

:::
7 . 0
9 . 4
4 . 8
4 . 6
4 . 5
3 . 9
4.8
5 . 2
4 . 3
4 . 8
8 . 5
8 . 0
4.1
5 . 7

:::
4 . 0
4.1
3 . 7
4 . 5
4.1
4 . 3
4 . 2
8 . 8
4.1
3 . 8
4 . 0
4 . 5
4 . 9
4 . 5
4 . 0
4.1
4.4
4.1
4 . 5
3 . 8
5 . 3
4 . 8

. . . . .

1.042
0 . 9 9 9
1.001
1.539
0 . 9 8 7
0.691
0 . 9 7 2
0.964
1.057
0.988
0 . 9 6 7
0 . 9 9 6
0.972
1.018
0 . 9 4 6
0 . 9 9 3
1.005
0 . 9 2 8
0.995
0 . 9 9 3
1.013
0 . 9 6 6
0.973
1.003
0.935
0 . 9 9 6
0.984
0.971
1.010
1.002
0.992
0.993
0 . 9 8 6
1.001
0 . 9 9 9
0 . 9 6 3
0 . 9 8 8
0.934
0.975
0 . 9 9 9
1.008
0.993
0 . 9 9 8
0.995
1.005
1.006
1.009
1.024
0.972
0.974
0.974
0 . 9 7 9
1.001
1.000
0 . 9 8 8
0.981
0.991
0.984
0 . 9 8 6
1.005
1.007
1.000

,. . . ..- . . . .

4
6
6
6
6
2
6
5
6
5
4
5
6
6
2
3
6

2
4
6
5
6
5
6
5
5
6
6
6

;
6
6
6
4
6
6
6
6
6
6
6
6
6
6
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

0 . 0 8 6 8  3 . 1  - 1 . 6
0 . 0 9 7 5  3 . 5  2 . 6
0.0943  6 . 0  - 0 . 7
0 . 0 7 9 6  4 . 8  0 . 7
0 . 0 8 5 0  3 . 2  - 0 . 4
0 . 0 9 0 8  0 . 4  - 0 . 9
0 . 0 9 3 8  2 . 2  2 . 3
0 . 0 7 0 2  2 . 9  - 1 . 1
0 . 0 7 2 5  5 . 6  - 5 . 5
0 . 0 7 5 3  3 . 4  - 1 . 9
0 . 0 7 9 8  6 . 0  - 3 . 4
0 . 0 8 5 5  1 . 6  3 . 5
0 . 0 9 0 4  2 . 0  2 . 3
0 . 0 8 8 8  1 . 6  0 . 5
0 . 0 6 2 6  5 . 8  - 2 . 0
0 . 0 6 8 6  2 . 4  - 0 . 9
0 . 0 6 6 5  2 . 5  - 3 . 9
0 . 0 7 5 5  2 . 8  1 . 3
0.0748 1 . 3  0 . 4
0 . 0 8 0 6  3 . 5  0 . 9
0 . 0 8 1 1  1 . 7  1 . 6
0 . 0 8 5 4  1.9 0 . 3
0 . 0 8 5 2  3 . 4  0 . 0
0 . 0 5 9 1  3 . 4  2 . 1
0 . 0 6 1 6  7 . 3  - 1 . 7
0 . 0 6 2 4  3 . 6  - 0 . 5
0 . 0 6 4 5  3 . 7  - 4 . 5
0 . 0 6 7 3  1 . 2  - 0 . 3
0 . 0 7 3 8  1 . 7  2 . 0
0.0731 3 . 2  1 . 0
0 . 0 7 9 2  1 . 9  2 . 6
0 . 0 7 8 4  1.7 1 . 6
0 . 0 8 1 3  1 . 4  - 0 . 9
0 . 0 7 9 9  1 . 2  - 2 . 6
0 . 0 5 5 0  4 . 4  4 . 0
0 . 0 5 9 5  1 . 8  4 . 0
0 . 0 5 5 5  2 . 6  - 3 . 0
0 . 0 6 1 3  1 . 4  - 0 . 4
0 . 0 6 1 1  1 . 2  - 0 . 8
0 . 0 6 5 1  2 . 7  - 1 . 2
0 . 0 6 6 1  2 . 2  0 . 3
0 . 0 7 0 3  1 . 6  0 . 1
0 . 0 7 0 0  1 . 2  - 0 . 4
0.0755 1.4 1.2
0 . 0 7 4 9  1 . 8  0 . 4
0 . 0 7 7 4  1 . 1  - 1 . 9
0 . 0 7 6 7  1 . 2  - 2 . 8
0 . 0 5 1 7  8 . 0  5 . 6
0 . 0 5 2 1  3 . 2  - 1 . 3
0 . 0 5 6 0  6 . 1  6 . 1
0 . 0 5 6 0  2 . 3  - 1 . 1
0 . 0 5 6 2  2 . 7  - 0 . 8
0 . 0 6 1 5  7 . 6  1 . 7
0 . 0 6 0 2  5 . 0  - 0 . 5
0 . 0 6 4 . 4  2 . 0  0 . 1
0 . 0 6 3 3  2 . 4  - 1 . 6
0 . 0 6 8 7  1 . 9  0 . 7
0.0M5  2 . 3  0 . 4
0 . 0 7 3 6  4 . 7  2 . 2
0 . 0 7 2 5  1 . 7  0 . 6
0 . 0 7 2 9  2 . 6  - 4 . 0
0.0T38  2 . 6  - 2 . 8

0 . 2 4 0  8 . 0  - 4 7 . 4
0 . 3 6 1  8 . 0  - 3 3 . 5
0 . 5 8 3  8 . 0  7 . 3
0 . 3 3 1  8 . 0  - 1 9 . 8
0 . 4 0 5  8 . 0  - 1 8 . 3
0 . 7 7 7  8 . 0  3 4 . 3
0 . 6 5 2  8 . 0  1 2 . 7
0 . 3 4 7  0 . 8  - 6 . 6
0 . 3 9 3  3 . 4  - 1 2 . 6
0 . 3 8 6  5 . 1  - 1 4 . 2
0 . 5 1 4  0 . 9  - 2 . 7
0 . 5 1 9  1 . 8  - 1 . 8
0.651 1.5 7.3
0.631 1.4 4.0
0 . 3 7 3  6 . 6  1 2 . 5
0 . 4 0 3  6 . 0  - 0 . 6
0 . 4 0 3  6 . 0  - 0 . 6
0 . 5 4 0  1 0 . 0  1 2 . 6
0 . 4 7 7  2 . 2  - 0 . 5
0 . 5 4 2  5 . 1  -2.1
0.563 3.1 1.7
0 . 6 6 8  1 . 6  6 . 5
0 . 6 3 6  2 . 0  1 . 4
0 . 3 2 1  1 2 . 1  9 . 5
0.368 7.2 1.5
0 . 3 5 8  1 3 . 9  - 1 . 3
0 . 4 2 4  7 . 4  - 1 . 9
0.443 4.1 2.5
0 . 5 1 0  2 . 9  1 . 7
0 . 5 1 7  1 . 5  3 . 0
0.583 1.5 2.1
0.577 1.5 1.0
0 . 6 5 5  0 . 6  2 . 2
0.642 2.1 0.2
0 . 3 3 9  9 . 5  3 2 . 4
0 . 3 6 2  4 . 0  1 2 . 7
0.351 7.1 9.3
0 . 3 9 6  5 . 3  2 . 5
0.402 5.4 4.1
0 . 4 6 6  4 . 9  3 . 2
0 . 4 6 5  3 . 6  3 . 0
0.522 3.7 1.1
0 . 5 1 8  3 . 9  0 . 3
0.584 3.1 0.4
0 . 5 8 1  2 . 6  - 0 . 1
0.648 1.9 0.2
0 . 6 4 4  2 . 3  - 0 . 4
0 . 2 8 8  1 . 7  3 0 . 5
0 . 2 8 6  5 . 5  1 . 7
0.285 1.6 1.3
0 . 3 3 8  4 . 2  - 1 . 2
0.341  3 . 4  - 0 . 3
0 . 3 8 9  0 . 6  - 3 . 4
0 . 3 9 8  1 . 9  - 1 . 1
0 . 4 5 4  1 . 6  - 2 . 0
0 . 4 4 9  2 . 2  - 3 . 1
0 . 5 1 1  1 . 3  - 2 . 5
0 . 5 1 0  1 . 6  - 2 . 7
0 . 5 7 4  1 . 3  - 1 . 8
0 . 5 6 9  1 . 0  - 2 . 7
0 . 6 3 8  0 . 6  - 1 . 1
0 . 6 2 9  1 . 5  - 2 . 5

-. ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



lABLE 111 (cent  inued)

. . . . . . . . . . . . . . . . . . . . . . . . . --------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------  . . . . . . . . . . . . . . . . . .
Ass i gmtent cm”’ lnt %err  Ic/lob nun H2- %err  % 0 - c se[f - %err % 0 - c
sAJ J“ K“ width width

---------------- -------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S R 8 0
8R81
S R 8 1
s R 8 2
aR82
a R 8 3
S R8 3
sR84
aR84
a R 8 5
s R 8 5
S R 8 6
nR86
nR87
s R 8 7
S R 8 8
a R 8 8
a R 9 0
aR91
s R 9 2
aR92
aR 9 3
s R 9 3
sR94
aR 9 4
aR95
s R 9 5
a R 9 7
slt97
S R9 8
a R 9 8
a R 9 9
s R 9 9
SR 10 0
SR 10 1
aR 10 1
SR 10 2
aR 10 2
SR 10 3
aR 10 3
SR 10 4
aR 10 4
Sl! 10 5
aF! 10 5
sF! 10 6
aR 10 6
SR 10 7
aR 10 7
SR 10 8
aR 10 8
SR 10 9
aR 10 9
SR 10 10
aR 10 10

176.1463
176.1680
177.1299
176.2318
177.21W
176.3405
177.3692
176.4887
177.5859
176.6803
177.8677
176.9134
178.2211
177.1863
178.6528
177.4969
179.1703
196.0793
195.2559
195.3282
196.2059
195.4467
196.3696
195.6190
196.5936
195.8367
196.8915
196.4160
197.7173
196.7747
198.2589
197.1766
198.8998
21.4.1397
2 1 4 . 9 1 6 9
214.1665
214.2469
215.0173
215.1805
214.3856
214.5692
215.4254
215.7373
214.8123
215.1088
216.1271
216.6002
215.4594
215.8634
217.1645
217.8287
216.3192
216.8242
218.6073

5.620 6.7 0.799
2.330 5.7 0.963
2.320 3.1 0.978
2.370 3.8 0.964
2.320 4.2 0.W4
4.730 3.6 0.984
4.870 3.1 0.972
2.420 3.3 0.986
2.460 3.9 0.983
2.450 3.5 0.986
2.450 3.5 0.9W
4.780 3.1 O.W1
4.810 2.6 0.W8
2.210 4.8 0.963
2.130 5.3 1.015
1.500 5.5 1.000
1.510 3.6 1.006
2.700 5.6 0.928
1.310 4.7 0.958
1.320 3.1 0.965
1.370 5.9 0.943
2.730 3.2 0.972
2.780 2.7 0.961
1.410 3.7 0.979
1.420 4.3 0.983
1.430 2.2 1.011
1 . 5 0 0  4 . 3  0 . 9 8 2
1 . 5 1 0  6 . 0  1 . 0 0 5
1 . 5 4 0  3 . 6  1 . 0 0 3
1 . 4 0 0  4 . 7  1 . 0 0 7
1 . 4 1 0  2 . 5  1 . 0 2 0
2 . 0 1 0  3 . 2  1 . 0 0 8
2 . 0 3 0  3 . 4  1.018
1 . 2 6 0  3 . 9  0 . 9 7 1
0.640 2 . 3  0 . 9 7 7
0 . 6 5 0  7 . 4  0 . 9 5 3
0 . 6 7 0  5 . 1  0 . 9 4 8
0 . 6 4 0  5 . 6  0.W5
1 . 4 0 0  3 . 0  0 . 9 5 5
1 . 3 3 0  3 . 4  O w l
0 . 7 4 0  9 . 5  0 . 9 4 0
0 . 7 5 0  7 . 8  0 . 9 3 4
0 . 7 7 0  1 . 4  0 . 9 8 8
0 . 7 4 0  3 . 5  1 . 0 0 6
1 . 6 5 0  5 . 2  0 . 9 8 4
1 . 6 5 0  4 . 0  0.W6
0 . 8 8 0  3 . 5  1 . 0 0 0
0 . 8 5 0  8 . 1  1 . 0 2 2
0 . 8 9 0  2 . 7  1 . 0 0 8
0 . 9 2 0  3 . 9  O.WO
1 . 7 3 0  3 . 4 ,  1 . 0 0 6
1 . 6 3 0  3 . 6  1 . 0 5 2
0 . 6 2 0  3 . 8  1 . 0 2 9
0 . 6 4 0  6 . 3  1 . 0 0 6

. . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4
5

z
5
5
4
5
5
5
5
4
6
5
6
5
6
6
5
5
6
5
6
5
6
4
6
6
6
6
6
6
6
5
6
5
5
6
6
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
. - - . -

0 . 0 4 3 7  7 . 2
0 . 0 5 2 2  5 . 5
0 . 0 4 9 1  4.1
0 . 0 5 2 9  3 . 5
0 . 0 5 0 7  4 . 5
0 . 0 5 5 8  2 . 4
0 . 0 5 5 5  4 . 1
0 . 0 5 9 0  2 . 4
0 . 0 5 8 2  3 . 6
0 . 0 6 2 9  2 . 3
0 . 0 6 2 0  1 . 3
0 . 0 6 7 8  1.4
0 . 0 6 6 6  2 . 9
0 . 0 7 2 4  4 . 0
0 . 0 6 9 4  3 . 2
0 . 0 7 0 5  3 . 9
0 . 0 7 1 0  2 . 2
0 . 0 4 7 2  6 . 2
0 . 0 4 7 6  7 . 8
0 . 0 4 8 4  5 . 3
0 . 0 4 9 7  5 . 9
0 . 0 5 1 9  5 . 0
0 . 0 5 2 2  3 . 9
0 . 0 5 4 4  3 . 6
0 . 0 5 4 0  4 . 6
0 . 0 5 6 2  2 . 0
0 . 0 5 8 5  4 . 3
0 . 0 6 4 4  5 . 3
0 . 0 6 4 1  3 . 1
0 . 0 6 8 0  4 . 8
0 . 0 6 7 3  2 . 1
0 . 0 6 8 7  2 . 8
0 . 0 6 8 0  2 . 7
0 . 0 4 4 2  5 . 0
0 . 0 4 5 8  6 . 0
0 . 0 4 5 4  8 . 0
0.0482 10.3
0 . 0 4 6 0  7 . 6
0 . 0 4 9 8  6 . 3
0 . 0 4 7 5  7 . 3
0 . 0 5 2 3  6 . 2
0 . 0 5 3 7  5 . 1
0 . 0 5 3 8  2 . 5
0 . 0 5 3 6  4 . 9
0 . 0 5 7 9  5 . 9
0 . 0 5 8 0  4 . 8
0 . 0 5 9 8  3 . 3
0 . 0 6 1 1  5 . 0
0 . 0 6 3 9  3 . 2
0 . 0 6 3 6  4 . 5
0 . 0 6 5 7  3 . 0
0 . 0 6 5 5  4 . 4
0 . 0 6 5 7  5 . 4
0 . 0 6 6 6  4 . 7
. . . . . . . . . . . . .

-5 .1
5 . 6

- 0 . 6
0 . 2

- 3 . 9
- 0 . 6
-1 .1
- 0 . 8
- 2 . 2

0.1
- 1 . 4

2.4
0 . 6

-::;
- 3 . 3
- 2 . 7

6 . 8

-;:;
- 0 . 5
- 1 . 7
- 1 . 2
- 2 . 3
- 3 . 0
- 4 . 0
-0 .1

0 . 2
- 0 . 3

1.2
0 . 2

- 1 . 9
- 2 . 9

1.9
0.1

- 0 . 8
0.1

- 4 . 5
- 1 . 4
- 6 . 0
- 1 . 2

1.5
- 2 . 7
.3.1
0 . 4
0 . 6

-0 .4
1.7
2,4
1.9
1.4
1.1

- 2 . 2
- 0 . 9

- - - - - - - - - -

0 . 2 9 7  2 1 . 8  5 9 . 1
0 . 2 3 4  3 . 3  - 3 . 7
0 . 2 3 8  2 . 4  . - 2 . 0
0 , 2 8 5  0 . 7  - 4 . 7
0 . 2 8 9  0 . 2  - 3 . 4
0 . 3 3 6  2 . 5  - 5 . 4
0 . 3 3 4  1 . 3  - 6 . 0
0 , 3 9 5  0 . 1  - 4 . 0
0 , 3 9 9  0 . 9  - 3 . 0
0 , 4 4 7  0 . 7  - 4 . 4
0 . 4 4 4  1 . 4  - 5 . 1
0 . 5 2 0  0 . 8  - 0 . 7
0 . 4 9 8  0 . 5  - 4 . 9
0 . 5 5 2  1 . 0  - 4 . 8
0 . 5 5 6  0 . 6  - 4 . 2
0 . 6 1 8  2 . 6  - 2 . 9
0 , 6 1 9  0 . 7  - 2 . 7
0.164 0 . 5  6 . 3
0 . 1 9 6  2 . 7  -4.9
0 . 2 4 3  3 . 6  - 5 , 7
0 . 2 4 3  1 . 5  - 5 . 7
0 . 2 8 6  0 . 7  - 7 . 6
0 . 2 8 7  0 . 3  - 7 . 3
0 . 3 4 2  2 . 0  - 5 . 3
0 . 3 4 5  1 . 3  - 4 . 5
0 . 3 9 3  1 . 4  - 4 . 8
0 . 4 0 1  1 . 7  - 2 . 9
0 . 5 0 5  0 . 1  - 2 . 2
0 . 5 0 3  0 . 1  - 2 . 6
0 . 5 5 8  0 . 6  - 1 . 8
0 . 5 5 7  0 . 7  - 2 . 0
0.620 0.1 0.0
0 . 6 1 8  0 . 2  - 0 . 3
0 . 1 5 9  7 . 7  2 9 . 0
0 . 1 7 5  4 . 8  2 . 6
0 . 1 5 1  1 1 . 5  - 1 1 . 5
0 . 2 0 8  0 . 1  - 4 . 5
0 . 2 0 9  1 . 7  - 4 . 1
0 . 2 5 8  2 . 0  - 2 . 7
0 . 2 4 4  3 . 2  - 8 . 0
0 . 2 8 6  5 . 4  - 8 . 5
0 . 3 0 8  2 . 8  - 1 . 4
0 . 3 5 3  1 . 9  - 1 . 9
0.359 2.1 -0.2 ‘
0 . 4 1 0  3 . 6  0 . 7
0 . 4 0 3  1 . 7  - 1 . 0
0 . 4 5 3  0 . 7  - 0 . 3
0 . 4 5 8  1 . 9  0 . 8
0 . 5 1 8  3 . 4  3 . 2
0.516 1.3 2 . 9
0.557 0.5 1.5
0 . 5 3 1  0 . 7  - 3 . 3
0 . 6 2 2  1 . 9  4 . 3
0.622 1.1 4.3
- - - - - - - - - - - - -  .-.---

+ I n t e n s i t i e s  a r e  i n  u n i t s  o f  cm-2/atm, a n d  w i d t h s  a r e  i n  cm”’/atm  at  296 K. lc/lob i s  t h e  r a t i o
o f  t h e  ca(cu[ated  a n d  otxerved  i n t e n s i t i e s .



‘1’ABLF; 1 V Fitted  R and Q Branch w i d t h s  o f  v ,

--------------------------  ------- -----------------  . . . . . . . . . ---------  --------- ------------  ----------  . . . . . . . . . . . . . . . . . . . . . . . . . . ------  .
Assignments p o s i t i o n s N2 02 A r Hz He NH3
AJ Jll K,, cm”’ uidths h-c uidths  % 0 - c uidths  % 0 - c w i d t h s  XO-C Widths  % 0 - c widths  % 0 - c

- - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  - - - - - - - - -  - - - - - - - - -  - - - - - - - -  .  - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - -  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

a R O O
s R 1 O
a R l l
sR1l
aQll
$911
sQ21
a Q 2 2
s Q 2 2
s R 3 0
aR31
s R 3 1
a R 3 2
aQ31
5 9 3 1
S R3 2
aQ32
SQ32
a R 3 3
s R 3 3
a Q 3 3
sCt33
aQ42
sQ42
a Q 4 3
s Q 4 3
aQ44
s Q 4 4
S Q5 2
a Q 5 3
SC153
aQ54
s Q 5 4
a Q 5 5
s Q 5 5
aQ63
s Q 6 3
a Q 6 4
s Q 6 4
a Q 6 5
S Q6 5
a Q 6 6
S Q 6 6
a Q 7 5
s Q 7 5
aQ76
S Q7 6
a Q 7 7
s Q 7 7
S Q8 5
a Q 8 6
S086
aQ87
aQ88
S Q 8 8
a Q 9 6
a Q 9 8
a Q 9 9

. . . . . . . . . . . . ..-

3355.00569
3376.26860
3374.55009
3376.32483
3335.17119
3336.95178
3336.56026
3334.93295
3336.71601
3414.63602
3412.95890
3414.68325
3413.08717
3 3 3 4 . 2 7 9 4 0
3336.00065
3414.83238
3334.39309
3336.13887
3413.32029
3415.10498
3334.59821
3336.39038
3333.71824
3335.42557
3333.89032
3335.63575
333L .16797
3335.97588
3334.64270
3333.08621
3334.79249
3333.30315
3335.05558
3333.64439
3335.47564
3332.27009
3333.97347
3332.39832
3334.12327
3332.64002
3334.41434
3333.02495
3334.90113
3331.71342
3333.49896
3331.92377
3333.57292
3332.34862
3334.25888
3333.42110
3331.03779
3332.93806
3331.17793
3331.62842
3333.50989
3:531.73845
3332.25386
3332.63173
.. -. .-. . . . .

1.131 - 4 . 4
1 . 0 6 7 - 2 . 6
1.154 0.5
1.154 0.5
1 . 1 1 6 - 2 . 8
1.145 - 0 . 3
1.101 3.1
1.137 2.0
1.124 0.8
0.973 1.4
1.009 0.9
1.013 1.3
1.086 t,. ~
0 . 9 2 2 - 7 . 8
0 . 9 4 9 -~.l

1.071 2.9
1.051 1.0
1.081 3 . 9
1.126 4.1
1 . 1 1 6 3.2
1.074 - 0 . 7
1.093 1.1
0 . 9 8 8 0.9
0.995 1.6
1.013 -0.1
1.024 1.0
1 . 0 4 6 - 0 . 2
1.059 1.0
0.990 6.5
0 . 9 4 8 -1.1
0.987 3.0
0 . 9 8 6 -0.1
1.002 1.5
0 . 9 9 6 - 1 . 9
t .002 - 1 . 3
0.934
0 . 8 6 2 -::1
0 . 9 2 6 - 1 . 2
0 . 9 3 0 - 0 . 8
0 . 9 5 7 - 0 . 3
0.968 0.8
0 . 9 4 6 - 3 . 7
0 . 9 6 2 -2.1
0 . 8 8 0 -4.1
0 . 8 7 8 - 4 . 3
0 . 9 4 2
0 . 9 3 2 -::;
0.915 - 3 . 7
0 . 9 4 6 - 0 . 5
0 . 8 5 9 -3.1
0.884 - 1 , 5
0 . 8 8 2 - 1 , 7
0 . 8 7 9 - 3 . 2
0.939 2.3
0 . 8 7 8 - 4 . 4
0.943 8.0
0.912 3.4
0.957 8.0
. ------ . . . . . . . . . . .

0 . 6 4 6 -5.4
0 . 6 1 7 - 3 . 9
0.673 1.7
0.673 1.7
0.635 -4.1
0 . 6 5 9 - 0 . 5
0.657 5.2
0.659 2.8
0.652 1.7
0.551 - 4 . 8
0.575 - 3 . 0
0 . 5 7 8 - 2 . 5
0.627 3.4
0 . 5 7 5 - 3 . 0
0.573 - 3 . 3
0.616 1.6
0.638 5.2
0.657 8.4
0.636 2.6
0.626 1.0
0 . 6 0 7 -2.1
0.623 0.5
0.631 9.3
0.601 4.1
0.593 0.8
0.592 0.7
0.594 - 0 . 8
0 . 5 9 6 - 0 . 4
0.590 6.3
0 . 5 6 2 -0.1
0.561 - 0 . 2
0.585 2.7
0 . 5 7 3
0 . 5 6 9 -;::
o.56a - 1 . 6
0 . 5 3 9 - 0 . 7
0.521 - 4 . 0
0 . 5 2 7 - 3 . 7
0 . 5 3 6 - 2 . 0
0 . 5 3 6 - 2 . 8
0 . 5 4 8 - 0 . 6
0.535 - 3 . 7
0 . 5 2 9 - 4 . 8
0 . 4 9 7 -6.5
0.515 -3.1
0.542
0.530 -::!
0.511 -4.3
0 . 5 2 6 -1.5
0.555 7.2
0 . 4 9 8 -3.4
0.487 - 5 . 6
0.498 -3.1
0.527 3.0
0.515 0.6
0.526 4.2
0.503 1.7
0.536 9.4

0,494 -6.0
0.489 -3.3
0.538 2.9
0.539 3.1
0.489 -6.5
0.509 -2.7
0.526 4.8
0.534 3.1
0.535 3.2
0.461 -0.9
0.468 -2.6
0.472 -1.8
0,507 2.3
0,480 -0.1
0.485 0.9
0.497 0.2
0.524 5.7
0.535 7.9
0.515 0.7
0.512 0.2
0.502 -1.8
0.515
0.511 :::
0.469 -0.9
0.481 -1.3
0.480 -1.5
0.504  0.4
0.509
0.465 ;:;
0.459 -1.0
0.451 -2.7
0.489 2.5
0.462 -3.2
0.497 1.3
0.489 -0.3
0.454 3.4
0.425’ -2.3
0.416 -7.9
0.421 -6.8
0.453 -2.5
0.447 -3.7
0.472 -1.1
0.468 -1.9
0.390 -10.9
0.451 3.0
0.468 4.1
0.435 -3.2
0.453 -1.8
0.465 0.8
0.447 8.9
0.400 -5.1
0.386 -8.4
0.419 -3.1
0.476 7.3
0.451 1.7
0.442 12.4
0.378 -8.6
0.453 7.0

.. -. . ..- . . . ----- . . . . . . . . . . . . . . .

0.984 -2.6
0.872 -3.4
0.981 0.8
0.974 0.1
0,906 -6.9
0.965 -0.8
0.921  5.1
0.929 -0.8
0.920 -1.7
0.718 -4.4
0.762 -4.9
0.771 -3.7
0.874 2.7
0.734 -8.4
0.723 -9.7
0.857 0.7
0.887 4.2
0.910 6.9
0.911 1.1
0.903 0.2
0.865 -4.0
0.876 -2.8
0.827 5.1
0.808 2.7
0.863 4.4
0.860 4.0
0.832 -4.0
0.832 -4.0
0.746 0.4
0.767 -0.8
0.769 -0.6
0.828 3.0
0.819 1.9
0.792 -5.0
0.789 -5.4
0.746 0.6
0.705 -4.9
0.756 -0.7
0.743 -2.4
0.764 -2.3
0.804 2.9
0.753 -6.1
0.748 -6.7
0.717 -4.5
0.709 -5.5
0.776 2.0
0.782 2.8
0.735 -4.7
0.756 -2.0
0.738 -0.4
0.720 -2.8
0.731 -1.3
0.741 -0.1
0.761 2.6
0.709 -4.4
0.747 0.7
0.696 -3.7
0.764 7.1

. . . . . . . . . . . . . . . . .

0.344 -5.5
0.311 -7.3
0.363’ 3.0
0.362
0.342 -:$
0.362 2.8
0.330 1.2
0.341 0.2
0.339 -0.4
0.281 -4.1
0.290 -4.8
0.290 -4.8
0.336 6.2
0.289 -5.2
0.303 -0.6
0.320 1.1
0.349 10.3
0.357 12.8
0.331
0.330 ‘ ::!
0.319 -2.8
0.330 0.5
0.318 6.9
0.306 2.9
0.324 5.6
0.313 2.1
0.303 -4.1
0.301 -4.7
0.290 2.4
0.290 0.0
0.291 0.4
0.321 8.2
0.294 -0.9
0.291 -4.1
0.285 -6.1
0.286 2.9
0.270 -2.8
0.274 -2.9
0.272 -3.6
0.278 -3.0
0.279 -2.6
0.285 -2.0
0.279 -4.1
0.252 -8.1
0.263 -4.1
0.295 6.8
0.266 -3.7
0.266 -4.3
0.267 -3.9
0.265 -0.7
0.249 -6.5
0.243 -8.7
0.254 -4.3
0.287 8.4
0.263 -0.7
0.292 11.8
0.232 -8.9
0.278 10.5

3 . 3 0 6  - 2 3 . 7
2 . 4 9 2  - 2 8 . 8
5.163 0.6
5 . 2 4 7
5 . 7 9 6  1;::
5 . 8 4 9 14.0
3 . 9 1 0 - 9 . 0
6 . 4 1 1 11.2
6.267 8.7
3 . 0 1 3  3 0 . 3
3.741 3.4
3.814  5.4
4.969 0.9
3 . 1 6 5  - 1 2 . 5
3 . 3 2 7 -8.1
4.979 1.1
4 . 8 4 5 - 1 . 7
5.026 2.0
6 . 1 9 3 - 0 . 7
6 . 2 2 7 -0.1
6.364 2.1
6.476 3.9
4.340 2.2
4.332 2.0
5 . 3 2 7 - 1 . 2
5 . 3 6 5 - 0 . 5
6 . 4 4 6 - 1 . 4
6 . 4 2 2 - 1 . 8
3.W2  7.2
4 . 6 9 8 - 0 . 2
4.768 1.3
5 . 8 8 8 3 . 5
!i.582 - 1 . 9
6 . 3 8 7 - 4 . 3
6 . 4 0 5 - 4 . 0
6.429  5.9
4 . 1 7 2 - 0 . 2
4 . 9 7 3 - 0 . 6
4 . 8 9 1 ,  - 2 . 2
5 . 6 0 4 - 3 . 8
5.566 - 4 . 5
6 . 3 2 1 - 4 . 9
6 . 4 5 9 - 2 . 8
4.9.45 - 3 . 7
4.935 - 3 . 9
5.964 2.9
5 . 6 3 0 - 2 . 8
6 . 4 1 3 - 0 . 6
6.391 - 1 . 0
4.263 - 7 . 4
5.166 1.3
4 . 9 5 5 - 2 . 8
5.331 - 4 . 8
6.566 7.7
6.158 1.0
4.781 4.8
5.475 4.6
5.815 4.4

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
+ t h e  o b s e r v e d  uidths f rom Pine  et  a[. [ 8 1  ad Harkov et  at. [ 9 ]  a r e  i n  u n i t s  o f  cm’’/ltPa at 2 9 6  K  ( 1  cm”’/atm=  0 . 1 0 1 3 2 5  cm’’/l4Pa).
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TabIe V Fitted Constants for Equation 1 in units of crn”L/atm

Study % al az a~ 4 % ok -caI # mess.

Hz- present 0.09839 (J.5) -0.01071 (31) 0.0072S (29) 0.000521 (29) -0.039490 (34) 2.4 116

Pine et al. 0.101.1 (Sq) -fl(lll  Q @.) Q-~79 ( 12) nlll~~ /f9\. ...--& (~ 1 -0.m (~m) 3.9 58

Self- present ().~oo (26) -0.0452 (78) 0.091S ( 6 3 ) 0.00075 (66) -0.09445 (72) 11.2 116

Markov  et al. 0.433 (34) -0.091 (28) 0.179 (1s) o.(n)79 ( 2 0 ) -0.0169 (22) 8.0 ~~

SZ- Pine et aL 0.1182 (32) -0.0093 (12) 0.0059 (12) 0.00062 (1s) -0.00061 (20) 3.2 58

I OZ Pine et aI. 0.06!32 ( 3 4 ) -0.00437 (83) 0.00230 (s4) 0.000303 (13) -0.00031 (14) 3.8 ~g

He- Pine et al. 0.0364 (16) -0.00309 (59) 0.00193 (59) 0.000240 (91) -0.00025 (lo) 5.2 58

ii &- pine et a“!. ~ 0.0526 (21) -0.WI195 (80) 0.001s0 (s1) -0.000021 (12) -0.000ss ( 1 3 ) 4.8 5s

Hz- MargoIis  R 0.13s5 (34) -0.01%?3 (s9) 0.0L234  (79) 0.00091s (ss) -0.00!)74 (8-S) 4.5 85
and Q 0.1423 (42) -0.0195 (16) 0.0124 (12) 0.00101 (15) -0.00777 (90) 4.2 5(J

Pcynter !? o.16~5 (33) -Q.02391 (97) 0.01714 (94) o.oo134  03) -0.00134 (110) 4.7,, 6s
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TABLE VI R  a n d  Q  b r a n c h  widths  of v, with t h e  S a m e  lml

---------  --------------------  --------------  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
J,, ~ K,, N2 02 A r Ha He N H3

-------- . -------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
aR 121 1.15.4 0 . 6 7 3 0 . 5 3 8 0.981 0 . 3 6 3 5 . 1 6 3
sR1”21 1.154 0.673 0 . 5 3 9 0.974 0 . 3 6 2 5 . 2 4 7
SQ 2 2 1 1.101 0 . 6 5 7 0 . 5 2 6 0.921 0 . 3 3 0 3 . 9 1 0

Xdif ( R - Q ) 4.5 2.4 2 . 3 6 . 5 9 . 7 3 3 .

aR 3 4 2 1.086 0.627 0.507 0.874 0.336
442

4.969
aQ 0.988 0.631 0.511 0.827 0.318 4.340
sQ 442 0.995 0.601 0.469 0.808 0.306 4.332

%dif  ( R - Q ) 9 . 5 1.8 3 . 7 6.8 7.7 15.

a R  3 4 3 1.126 0.636 0.515 0.911 0.331 6.193
SR 3 4 3 1.116 0.626 0.512 0.903 0.330 6 . 2 2 7
aQ 4 4 3 1.013 0.593 0.481 0.863 0.324
SQ 4 4 3 1.024

5.327
0.592 0.480 0.860 0.313 5.365

%dif (R-CI) 10.0 6.5 6.6 5.2 3.8 16.3
------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
+ T h e  uidths a r e  i n  cm-’/FIPa  a t  2 9 6  K  frcun P i n e  e t  a(. [ 8 ]  a n d  Harkov  e t  al. [ 9 ] .  m  =  J+l

for R, m . Jfor  Qandm=-Jfor  P . T h e  q u a n t i t y  %dif i s  t h e  d i f f e r e n c e  b e t w e e n  uidths
o f  t h e  s a m e  v a l u e  o f  In Il.
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‘1’ah]c VII Vibrational or I’cmpcrature IIcpcndence? +

-- ., -------------------------  ------------- --------------------------------------------

Assignment Rotational ratio
Hz-width ll~;iclth vz/rot. (*L)

----------------- ------------ ., --------- --------- -----c-- --------------------- --------
R (4,4) 0.0854 0.1182 1,38 0.82
R (4,3) 0.0809 0.1123 1.39 0.85
R (4,2) 0.0752 0.0970 1.29 0.65
R (4,1) 0.0675 0.0852 1,26 0.60
R (4,0) 0.0626 0.0800 1,28 0.63

R (6,6) 0.0770 0.113 1 .4s 0.96
R (6,5) 0.0753 0,102 1.36 0.78
R (6,4) 0.0701 0.0915 1.31 0.68
R (6,3) 0.0656 0.0838 1.26 0.60
R (6,2) 0.0612 0.0751 1.23 0.52
R (6,1) 0.0575 0 . 0 6 9 2 1.12 0.30
R (6,0) 0.0550 0.0674 1.22 0.52
-------------- -------- -------- --------------------- -------- -------- -------- -------- -

+ The rotational widths in cm-]/atm are at 296 (3) K and the Vz
widths from Margolis and Poynter [7] are at 200 K. The error
estimate for n includes experimental uncertainties of widths
and temperatures.


